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FREFAGE. 


Tur prefent age is peculiarly diſfinguithed 
fo aſfiduity and accuracy of reſearch into 
the Jaws of nature, and by the 2 


= attention w hich the ſubject has excited. 


2 Oe by the 5 1 have : 

been fornetimes drawn into theſe i inquiries, 
and without aiming at a compleat acquaint- 
ance with every branch of the ſcience, have 


1 yet endeavoured to acquire a competent 


knowledge of the leading facts proved, and 
the e drawn fin them, 1 in hopes 
to convey to my own mind a general view | 
of the e of nature. 


5 WII II this ape 1 wa to confi 85 
the nature and action of Heat, which feems 
A 2 to 


e 
to be at preſent the leaſt underſtood of any 


_ equally important branch of natural know 
ledge; but with all the aſſiſtance of the very 
able diſquiſitions upon the ſubject, T could 
ſcarcely perceive any thing like a general 
plan in its operations. Knowing that few 
men can think with accuracy, until by com- 
mitting their ideas to paper, they analyze 
and concentrate them, 1 ſat down to exa- : 
mine by that teſt the opinions which I had 
formed. I found the effects diſproportioned 
to the apparent cauſe; ; and accordingly 
looked around for ſome other agent to whoſe 


miniſtry I might aſcribe her. e for the 


powers of nature, like her productions, ne- 
ver appear ſolitary. All her fprings are 
combined in action, to produce that har- 


mony which blends i into uniſon her 1 varied 
works. 


LITTLE difficulty occurred i in the ſearch. 1 
Every thing pointed out electricity as the 
active power to whoſe exertions, in combi- 
nation with thoſe of heat, all theſe effects 
are aſcribable. The ſame chain of inquiry 

led 


[+ 1 
led me to examine the connexion between 
theſe two forces, and between them and 
their common relation, light. I have given 
the reaſons which induce me to believe; 
that they are three appearances of the ſame 

ſubſtance. 855 


: Drscvssrowis always beneficial toſcience, 
and the ſubject of this Eſſay is ſo intimately 
connected with the firſt principles of natural 
knowledge, that any new ſuggeſtion upon 
it, if ſupported by an appearance of reaſon, 
cannot be wholly unworthy of notice. I 
am therefore induced to ſubmit my ſpecu- 
lations to the public eye, that they may un- 
dergo the examination of others more able 
than myſelf to judge of their value, to 1 
: prove © or to condemn them. 


| Tun order and arrangement of the diffe- 
rent matters diſcuſſed, might, perhaps, have 
been more methodical : but I am not anx- 
ious to have it believed, that at the firſt. 
view | perceived all the concluſions into 
which I was after wards drawn; and I thought 
as 1 


b 4 3 


n woufd be more cel an facisfactory, to 

_ exhibit the chairr of my inquiries in the or- 
der ur which they occurred to me, that 
the ſame? doubts may ſuggeſt to others the 
fame explanation. This i is not a treatiſe to 


arrange and elucidate known coftrines ; * 11 | 
& a ſpeculative eſſay. 3 5 


prnu ars the cries under which 

theſe ſheets were compofed, may afford 

rae claim to indufgence for any errors 
they may be found to contain. 5 are 
the prodvce of the few. leifure months 
whichy were given me after abandoning the. 
active encieiſe* of my ptofeffion at home, 
until E was able to reflime it here; they 
were compeſed principally at fea, where L 
| had neither ſufficient books to reſort to, nor 


the converſation of e friends. to 
correct my IRE. 1 8 


I the baba be which have given riſe 
to the reflexions contained in this eſſax, can 


be better explained by any other chain of 


| reaſoning 5 Or if, when canvaſſed by ſuperior E 
„„ By _ talents. 


1 3 1 


talents and learning 8, objeftions, hid from my 
eyes, ſhall be diſcovered, I ſhall ſtill recol- 
Ich, with fatisfaftion, that I have exerted 
my abilities, ſuch as they are, towards 

advancing our kmowledge of nature, In a 
_ purſuit fo alluring, and ry intereſting, Our 


155 Labour 3 15 its own reward. 
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Uros, e Sh texture 8 any 

ſolid. body, it appears to us ſcarcely 
to be: accounted for, that by any change 
within itſelf, its particles ſhould aſſume the 
liquid form, or afterwards: the gazeous or 
vaporous. Theſe changes are pfbduced by 
; ina heat; a what prone Ow : 


* of * * . F 
1 2 ” e's bl b 1 4 -» * 
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r bodies GR to by e held * 
in that ſtate by different cauſes. Of theſe, 
the principal are the mutual attraction and 
adaptation of the particles, which prevent 
. one from being moved without violent 
| B bw friction 


— 


cauſes of the compact form of the body are, 
the attraction of coheſion, the preſſure of 
the atmoſphere or ſurrounding objects, and 

its own gravitation. Upon its aſſuming 


the liquid ſtate, the two fortner cauſes are 


evidently overcome by ſome ſuperior force. 
The particles are no longer held in cloſe 
and firm contact; but the latter cauſes ſtill. 
retaln them in one body, and prevent them 
from riſing into vapor. After this change 
they no longer preſent any mutual obſtruc- 
tion, but glide eaſily paſt tach other, without 
friction or colliſion ; at the fame time the 
temperature is diminiſhed, or heat appears 
to be abſorbed, and the capacity of the body 
for heat is proportionally increaſed, Theſe 
effects being produced by the mere addi. 
tion of heat, the explanation of the proceſs 
and means employed muſt be nit in the 5 
naturs of that an bib 


„Tue Combat: 8 the biet 
18 this that heat, or caloric, is a fluid, highly 


ways known e in combination. Ihe 
I 3 Propor- 


STE 5 
proportions in which it enters into the 
compoſition of bodies at the ſame tempera- 


ture are infinitely various, according to the 


different admiſſion which each body pre- 
ſents to it from the conformation or poſition 
of its particles. As light eaſily penetrates 
through, and finds pores in the hatdeſt ſub- 
ſtances, while many of the moſt looſe in 
texture repel its entrance, fo heat, inti- 
mately connected with light, finds for itſelf 
pores or entrances, the ſize and number of 


which can only be gueſſed at from the ef · 


fect. The temperature marks the denſity 
or compreſſion of the heat in thoſe pores 
which are preſented for its admiſſion-. If 
by a change in the form or polition of the 
particles, thoſe pores are enlarged or mul- 
tiplied, the temperature or compreſſion of 
the heat muſt be diminiſhed ; and as there 
is more ſpace for the whole heat, it will 
require a greater addition to raiſe it to any 
given increaſe of temperature or compreſ- 
ſion; that is, the capacity for heat muſt 
be increaſed. Therefore, when a change 


„ * and temperature takes yoo 


* | We 


r — 


* 
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| the . 1s. looked for in fomerkdiig which EE 
. has altered the form or poſition 'of the par- 

5 ticles, ſo as to open more ſpace for the 
ent. bod dogs ol notflinbe zt 
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Tu poſition or fort of the particles of 


bodies while ſolid, is ſuppoſed to reſiſt the ad. 
miſſion of the heat into many of thoſe pores 
which it otherwiſe might fill. Heat, confi- | 
dered as an elaſtic ſubſtance, muſt acquire 
additional elaſtic force by an addition of 
quantity in the ſame ſpace. When accumu- 


lated to a certain degree, it is ſuppoſed to 


have overcome the coheſion of the particles 
of the body, and changed their poſition, ſo as 


to gain admiſſion into ſpace or pores before 
ſhut againſt it. Thus the temperature or 


| compreſſion of the heat muſt be diminiſhe d, 


and the capacity increaſed. The fluidity 


of the maſs is accounted: for, by aſſuming = 
that the pores newly opened, are thoſe 
which intervene between the particles E 
the body; fo that each particle, minute be- 
yond the perception of our ſenſes, enveloped 
in its coat of 8 glides”: through the 


5 28 11 others 


1 1 BE 


others without a poſſibility of tovehing - 
them, or meeting with any obſtruſton in 
"Mo „ne. 


We — a 650 all | bodies, in — 


the ſolid. ſtate, cryſtallize into regular 
figures. This can only be accounted: for 
by ſuppoſing that the particles, from ſome 

| ſort of polar attraction between their or- 
; reſponding extremities, are led to aſſume” 

| thoſe forms, Heat, in producing fuſion, 
certainly affects the polarity of the particles: 


for we find their poſition for tranſmiſſion 


of ligbt and of electricity materially 


changed by it. We may therefore reaſon- 
ably infer that the effect of fuſion is pro- 


duced by deſtroying that polarity, or attrac- 

tion af the correſponding extremities of the 

particles, which gives them the 2 
e 1 ſaldity. (gk 7 105 | 


"Pk, LS of * py 3 "od hea, 


without change of form or of capacity, is 
not ſo eaſily explained. The heat ſtrug- 
gling to enlarge its ſpace, has in fact in- 


B 3 creaſed 


5 creaſe the bulk of the maſs; yet its com- 
1 * or temperature is not diminiſhed. 


46h 


Tux increaſe of bulk of water 155 old, 
at eight degrees above the freezing point, 


_ reverſes the phenomenon and ncrenſss the 
| 3 


e : cauſe which diminiſhes the 4 


| hefion of the particles, will facilitate the 
operation of heat in producing fuſion. Thus 
if two bodies are mixed, having a ſtrong 


mutual attraction, this may counteract and 


diminiſh the coheſive force of the particles 


of each; accordingly the heat, meeting with 


leſs internal reſiſtance, produces fuſion at 


a temperature which might not have diſ- 


| ſolved either body ſeparately. Such is ſup- 


poſed to be the proceſs in the mixture of 


ice or water with ſalts; in ſolutions of me- 


tals in acids; of earths together, or with 


acids, or e 3 and ny in bolutions 
; * nn. 10 £014 
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A 
31 
Baur ſome bodies in combination exhibit 
the oppoſite effect. "Metals in fuſion com- 
bining with gas oxygen, the fluidity of both 
is deftroyeds” Many affiſt each other in 
fuſion, which ſeem to have no tendenoy to 
unite in any ſtate; as metallic ores, and their 
fluxes. Theſe contradictory appearances 
ſeem ſcarcely capable of a common expla- 
nation from ro Parr Wy of * „ 
alone. | E 


Tux next great change vos in bo- 
dies by increaſe of temperature, is evapora- 
tion, or volatilization. When the heat in- 
terpoſed between the particles is further 
increaſed and eondenſed, it is conſidered as 

making new efforts to enlarge its bounds. 
The body is ſtill held together by the at- 


traction of coheſion, the preſſure of ſur- 


rounding bodies, and its own gravitation. 

The particles below the furface are allo 

preſſed by the weight of thoſe above them 

in the fluid maſs. When by increaſed con- 

— the heat has acquired ſufficient 
. Po elaſtic 


new pores of the body, or diſtended thoſe 
it before filled. The former ſuppoſition 
accords beſt with the explanation given of 
the change from the ſolid to the fluid ſtate. 
It may thence be inferred, that this ſecond 
tranſition is effected by another change of 


minute diviſion of them, and a change of 
the relative poſition of the component parts 
of thoſe larger particles Which were before 
the ne en of the nad 


caſt of the condenſed heat 1 is ſylBiient 


*E * The ph Reg 5 b dlefricity + to Auids FRE the 
effect of perceptibly ſubdividing the partic] es; 4 ** ther 5 


wards to ſhew how nearly theſe effects of electricity 


| elaſtic force: to overcome theſe abe, it 
erg the * into — eqro. 5:11 
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1110 lO this n ths heat muſt ba con- 


ſidered as having either penetrated into 


poſition of the particles, or rather by. a more * 


A2 os; takes Wines as; a : 


1 * 
1 — 


charge volatilizes the body. | hall have occaſion after- 


are connected with thoſe r . by heat 


alone. . | 
© '& £4 $4 - | 5 : 4 ; *s 
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to overoome ths oppoſition it meets with, 


the leſs that oppoſition- is, the ſooner will 


the effect be: produced. One obſtacle is 


weight of the incumbent atmoſphere; ; the 
period of evaporation is accordingly pro- 

portioned to it. So the attraction of other 

ſubſtances, by diminiſhing the internal co- 


heſion of the body, may facilitate the opera- 


tions of the heat. Thus water is taken up 


in great quantities by atmoſpheric air at any 


temperature. This appearance exactly cor- 
reſponds with the ſolution of ſolids in fluid 
menſtrua. In both caſes the ſame changes 
of capacity a and of temperature are per- 
ceived, as when the effects ariſe from heat 
: alone. Me are therefore to conclude, that 3 
the ſame cauſe, heat, produces the change , 
. in all the, caſes; and that the "a 
of the menſtruum has no other effect than 
to counteract the internal coheſion of the 


Df fiche, which reſiſted the operation of the 


Sven 1 believe to be nearly the a 


of the preſent received theory of the nature 


and 


© » 4 
W a4 


«. CR OE alta cad 


tel 


and action of bens) and ſeems to be the ne 
ceſſary reſult of the opinion, founded upon 
the apparent fact, that theſe changes in 
bodies are the effects of this power alone. 
I proceed to inveſtigate the detail and . 
men of this ſyſtem. en 


. ni 
I ſeems” to be eſtabliſhed, that every 


body, while it retains the fame form, 


whether ſolid or fluid, has its capacity uni- 
form; and the theory of heat ſuppoſes that 


increaſe of capacity upon a change of form, 


ariſes from the increaſed ſpace opened for 


the admiſſion of the heat. From this I was 


at firſt led to expect that the ſpace requiſite 
for the body, upon the change to the gaze- 


ous form, muſt bear a very near proportion 
to the new ſpace opened for the heat, or in 
| other words, to the increaſe of capacity. 


For as the particles of matter are incapable 


of filling more or leſs chan a certain ſpace, 
and as the only body apparently interpoſed 
is the heat, it would ſeem to follow, that _ 


the 


dhe whole of the increaſed ſpace muſt be 
poſed: that in two gazeous bodies at the 


ſame temperature, and of the ſame bulk, 


te abſolute heat muſt be reciprocally as 
rheir weight; for the denſity of the heat 
and the whole ſpace being equal, the leſs 
of that ſpace is filled with the body, the 
more muſt be occupied by the heat.» Upon 
_ conſidering the fact, I was aſtoniſhed to find 
how far theſe concluſions | are wide of rhe 
truth. tl 


_ the boiling of water, the ſteam is 
found to oceupy, at that temperature, about 
1800 times more ſpace than the water: 
but the whole increaſe of abſolute heat is 
about one-third; which being of the ſame 
denſity, cannot occupy that proportion of 
additional ſpace. When a cubic inch of 
Water 18 evaporated ſo as to occupy 1800 


cCubic inches of ſpace, leſs than 14 inches are 


alone filled with the body and heat; there 
remain 7555 cubic inches to Gas acoount- 
ed for. 


34 9 * # 


By 
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„ 
By what is this enormous ſpace ou 
pied? Not by the expanſion of either of the 


ſubſtances, the gazeous body or the heat; 
ſuch enlargement would be contrary to all 
our ideas of the principles of matter. The 


perature or denſity, has not been expanded; 


the diſtention of the maſs muſt therefore 
ariſe from ſome nn ener x exiting) in 
| the compound. „Legt 203 teh s 


. N * 2. — 
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in the body or in the heat; or it muſt 


| ſpring from ſome other ſource; The laſt 


appears to me to be the moſt probable 


concluſion ; ; 1 aſcribe. the . to aer 


mat 74 E 1 2 1 25 f INE" 5 2 Te 7700 ' . 
4 (RE 3 not in any WES how: a re- 
pullive power, Which cannot be clearly 


traced to its well. known property. of ex- 
n ne a 2580: 15 nt ige 


Thee e lads 3 by the lat. 


| 1 tic force of the heat, may be ſuppoſed to 


exert. 


* * 
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ther at a certain approximation, within 

which their mutual repulſion prevents them 
from encroaching. This repulſion, increaſ- 
ed by the heat, may be ſuppoſed to pro- 
duce the effect of evaporation. But what 
is this repulſion? It is clear that every body, 


and every particle of it, contains a portion 


1 3 1 
exert a elde power from the ſuperficies 


of each particle; for it is clear, that no 
two particles in the cloſeſt body ar e ever in 


abſolute contact; but are only held tòge- 


of electricity; and as the powers of attrac- 
tion and repulſion are found much more 


ſtrongly i in this than 1 in any other ſubſtance, 

it is more conſonant to the rules of philo- 

— ſophy to aſcribe to it the whole of thoſe 
5 effects, if poſſible, than to give the denſer 


body A ſeparate | attractive "and repulſive 


yy ad £ 2 


power, beſides that Which its electricity 


communicates. The leaſt change in the 


electricity of the body materially affects the 


attractive and repulſive tendencies of the 5 
maſs; they muſt therefore be conſidered a as 
ariüng Weng from 2 cauſe. ifs wee 


Ta 


COD 
To give this propoſition its proper 


| ſtrength, and toidiſcover its conſequences; 
n ui! be neceſſary 9 — 4 


concerning the nature of electrical attrac- 
nn as Ee to $1 ſan OR 


tent 
N 


= „Derne filled with &milar ele@rieiry res 

Mm * each other; oppoſitely electriſied, they 

Il are mutually attractive *. Some bodies 
Toros oft J % itte wore lane 


= oe hs to inquire 1 into 
the. cauſes of theſe ſeveral phznomena of electricity. 
Perhaps they are in truth only different d ireions of 
the ſame force. Thus we may conſider the creation as 
being filled wich two electrical fluids attractive to each 
other, and therefore producing attraction in the bodies 
which they occupy ; or, according to the Franklinian 
theory, with one fluid, whoſe tendency to equal diſper- | 
| fon produces the fame attraction in bodies unequally : 
18 filled with it. When a body is equally attracted on all 
1 ſides, it will appear to lie at reſt, or in the equilibrium 
3 pf electricity. When two bodies, by being differently 
1 SO ſupplied with electricity, have a ſtronger mutual attrac- 
fi} tion than either has for the ſurrounding objects, they 
Il! 5 | _ ul ſhew this power in motion or active exertion. 
Where two * are in an electrical ſtate more nearly 


ſimilar, 8 


W OCs 


in 


1 found to have in a very great depree, 
probably all poſſeſs more or lefs, the power 
of ſeparating the clectricities into vitreous = 
and reſinous, or poſitive and negative divi- 
bons. Thus a white and a black ſilk ſtock- 
come oppoſitely electrical, and of courſe 
mutually attractive. The tourmalin, und 
many other bodies, when heated, analize 
the electricities in the ſame manner. If 
the minuteſt fragment of a tourmalin be 
taken, it has its poſitive and negative ſide; 
ſo if two or ten thouſand partes / uf filk, 
_ white and black, of ſimilar texture with 
the ſtockings, were mixed and laid alter- 
nately in the ſame cloſencſs, every contigu- 
ous black and white particle Would ana- 
lize the electricity, and become mutually 
attractive; of courſe the maſs muſt cohere. 


In ſuch a maſs however, a as the different 155 


Gmilar 3 pris "arte. a. Jok _ ks 
than either is to the objects around, the attraction of theſe 
 dbjeRts being no longer counteracted by an equal force, 
| decomes active in the direction oppoſite to the body 

| Which has ceaſed to attract; and which will therefore 
ſeem to exert an active repulſive force. 3 
FREED particles 


[ 16 1 


— are e equally: Abs and preſent- 


ed in equal numbers to external objects, the 


whole: muſb appear in the: common equili- 
brium of electricity. This ſeemsoto me to 
be nearly the ptoceſs of attraction between 
the particles, ot the correſponding; extre- 


mities of the particles of bodies, which gives 


; nn of en eum 
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ſeems ton ariſr from? the ſume cauſe g the 
two bodies tend to divide the electricities 
between them, but this tendency is not 
ſuffieiontly ſtrong to produce any powerful 
effects, unleſs by friction a greater pro- 
portion of their ſuperficial particles are 
brought ſucceſſively into contact. The 
electricities thus ſeparated may een ; 
to ar ade. and wings Rams 711844125 


; : ® * 5 * 5 ; F | t 
31 i 18 5 #4 © Wh VS. 7 35 3 5 [ C 324 a 4 FD 4 1. #: 


= 7 
* 


Tarr 1s 5 . 3 "rl 


tween the mutual attraction of bodies dif- 

0 ferently electrified by. external cauſes, fric- 
tion, or communicated electricity, and that 
of two 1 enen which tend to 


2 ! analize 


{4} 


analyze that flvid. In the former the attrac- 
tion ariſes from the tendency to communi- 
cate electricity, to reſtore the equilibrium: 


— i effected: the attration ceaſes. 


But the two ſtockings are attractive by 


It is evident that this attraction is not com- 


| pleat; it is only a tendency to keep the 
bodies ſo near as to analyze and ſeparate 


the electricities. Compleat and perfect 
union is inconſiſtent with this tendency, 


and therefore attraction and repulſion are 
doth neceſſary to it. This I take to be the 


cauſe of elaſticity in ſolid bodies, and the 
origin of that repulſion which prevents their 
particles from coming into contact. When, 
therefore, Iperceive this repulſion increaſed, 5 
ſo as to diſtend the body into vapor, I con- 
clude that it ariſes from electricity, thñge 
active cauſe of the repulſion, not from an 
affection of the ee mert nn of . 


; the Me 


eee heat dew ene ene 
on ful effects in altering the electrical ſtate of 
| „„ bodies. 
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| bodith; Alb ase changed bisch bubne en 


principle can yet be traced in its operations. 


The ſame 1 temperature electrifies ſome 
bodies poſitively, ſome negatively, ſome it 
leaves in the equilibrium. Bodies which 
do not otherwiſe ſhow any ſtrong electrical 
habits; become powerful electrics by heat; 
others, which in a moderate temperatufe 


exhibit ſtrongly thoſe affections, are brought 
by great refrigeration, or exceſſive heat, to 
the common level. Theſe changes muſt 


be produced by an alteration in the diſtri- 
| bution of the electricity in the particles of 
each body. But ſuch an alteration may 


alſo take place without any external elec- 


trioal appearance, provided the whole 


quantity of electricity 3 to n 
W. er continue n ſame. 

e 1s ho ne dime in ths diftri- 
bens of electricity in bodies, which brings 


them to the gaſeous ſtate. In place of that 


electrical inequality of the particles by 


| which: they were retained in cohefive ſoli- 


dity, they became ſimilarly electrical, and 
wy therefore 


| 2 


therefore repulſive. | Probably each par- 

ticle,, having before a poſitive, a negative 
electrical extremity, now arranges the two 
electricities differently, incloſing the one 
within it, and being incircled by the other. 
The ſurfaces of all the particles become 
thus ſimilarly electrical, and exhibit that 


repulſion which is found to exiſt between "7 
them in e 


; "35 chain projiuces evaporation through 
the medium and by the force of electricity, 
the latter power, when excited by any 
other cauſe, muſt have the ſame effect. 
n e fluids, 


* r the effects. upon * "ZH 
apparently produced, by heat alone, we may 
clearly, diſtinguiſh this principle of electri- 
city materially active in each. F luidity re- 
quires ſufficient repulſion to. prevent, the 
particles from touching, or tending to co- 


aleſce. Pr obably the * arrangement of 


electricity, which, when ſtronger, produces 
evaporation, takes place in non-elaſtic fluids, 
C3 e each 


esch aids" Keperating the electricities 


+ 20 


between its external and internal coats? 
The mutual repulſion ariſing from this 


tendency, preſents a more probable expla- 

nation of fluidity, or of the free paſſage of 
te particles without collifion, than the 
interpoſition of caloric, which is not other- 

wiſe proved to have ſuch wee parc 


Tan ks of fluid bodies ds very 


feebly, if at all, the power of mutually c6m- 
municating heat; if nothing but heat were 


iterpdled: between them, why # Hhould not f 


its tranſtniſſion be free? | 


To the ſame dt we may trace the 


elective attractions of heterogeneous bodies. 
They are found to be much affected by tem- 
perature, and therefore ſeem to flow from 
the various effects of the heat on the ſeveral 
electrical habits. If the tourmalin is heat- 
ed upon glaſs, the former becomes poſi- 
tively electrical, the latter negatively; of 


courfe they are mutually attractive. Solu- 


tions of bodies 1 in menſtrua, and all che- 


= e 


” "a7 0 
aug ecunbigatines, probably flow from the 
fame ſource. So the aſſiſtance which dif- 


ferent bodies give to each other in fluxion, 


ſeems to ariſe from their different electrical 
ſtates at the given temperature, producing 
mutual attractions, which ceaſes in ſome 
by the ſecond electrical change occaſioned 
by the fuſion. The oxydation of metals, 
and the formation of water, ſhew the dif- 


* ferent effects of the heat at the reſpective 


temperatures on the electrical habits of the 
oxygen, and of the metal or hydrogea, 


creating in each caſe that attraction which Ls 


conſtitutes combuſtion. 


An combination, it is not neceſſary that 
the whole of either body ſhould outwardly 
appear electrical, in order to produce the 
attraction; for if one body tend to analyze 


the electricity ſtrongly, or at large intervals 


between its particles, and the electrical di- 
viſions of the other be leſs ſtrongly marked, 
this will be poſitively electrical to the nega- 


tive particles of the former, and negatively 
C . to 
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8 a pan baba: vhs, 
that a certain temperature gives the attrac- 
tion which produces the union, a greater 

or leſs deſtroys it; as in the ſolution of 

ſalts in water, the oxydation of metals, & . 

This cannot, I think, be explained upon 
any known qualities of mere heat, other- 

wiſe than as it is found varioufly to excite 
the electricity of the bodies. The latter 
muſt, therefore, be conſidered as the i imme- 
diate agent in theſe changes. 


As heat produces ordeilreya combina- 
tions by the agency of electrical attractions, 
the ſame effects muſt follow from any 

other cauſe; which produces the ſame 
changes in the electrical ſtate of the bodies, 
and therefore gives the ſame electrical at- 
tractions. It is not, however, i in many of 
theſe her more delicate operations and in- 
tricate arrangements, that we can imitate 
6 nature. | 
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nature. In ſome we can: thus the elec- 


trical diſcharge cor rodes, and gives the ſame 


colored rings to metals as beat; 3 theſe - 


* to be oxpdetions ee 


ron the fame principle J think it is, 


| that we muſt account for another Very 


conſpicuous effect of electricity. Paſſing 


through oxygen and hydrogen, it combines 
them into water. This has generally, but 
1 think erroneouſly, been aſcribed to the 


heat of the electric ſpark. It takes place 
in the atmoſphere in every cloud of vapour 


or ſhower of rain; theſe appearances are 
always accompanied with ſtrong electricity, 
and being generally without luminous igni- 
tion, muſt be attributed to the common 


attraction of matter, for the purpoſe of re- 


ſtoring the electrical equilibrium when diſ- 
tutbbd. Electricity is here the ſole agent. f 
Heat does not appear even as a ſtimulus 
to its exertions. We find alſo, that an 
= exceſſive degree and repetition of the elec- | 
'tric ſhock, can decompound water into its 
original gaſes, which heat cannot effect. 


C4 : There 


— — er <rn——_ e———— 


There 15 thereforn every condi to belins, 


beat is ouly a mode, not always the moſt 
efficacious, of applying or exciting the elec- 
 trieity, which gives or deſtroys 1 ihe. requiſite 
attraction. U. 


| which, both from the diſcuſſion it has o- 
cCaſioned among philoſophers, and from 
its own importance, claims our utmoſt 


ration of every natural cauſe upon a ſcale 
iufinitely larger, and therefore leſs equivo- 
cal, than any experiments of our own, and 
perhaps contain powers which we are un- 
able to imitate, and have therefore not ſuf- 
ficiently attended to, I was anxious to ex- 
amine, whether the opinion which I had 
formed correſponded with thoſe great ap- 


reconcileable to the ideas here ſuggeſted, 
that it would be eee to trace the 


1 1 


that in combination, or decompoſition, 


Tan Laing: of. water, is a Fer 


attention: and as the great changes diſ- 
played in the atmoſphere preſent the ope- 


pearances of nature. The production of 
vapor, rain, and thunder- ſtorms, is ſo clearly 


proceſs 


Sx 


oooogh of their formation. I was bild 5 
bowever, to find one appearance, the pro- 
duction of hail, incapable of explanation 
upon any principle which I had before 
perceived. The inveſtigation of its nature, 
led me to obſerve more accurately the ope- 
ration of the two great powers, heat and 
electricity, and to form important conclu- 
ſions concerning the connexions between 


them. 
1 E 0 T I (0) N III. 


Tun common theory of che origin of 
hail, ſuppoſes it to be merely rain collected 
in ſo high and cold a region of the air, as 
to aſſume the ſolid form. But I know no 
reaſon to believe, that hail-ſtorms proceed 
from clouds more elevated than others 
Which give rain. The hail which falls on 
high mountains is extremely ſmall, from 
the thinneſs of the atmoſphere which 
ſupplies it; but in lower grounds, hail ge- 
nerally contains as much water in each 
 hail-ſtone as the largeſt rain. It is frequent in 
2 as 


hot weather; when the” air is heated, and 
its electrical inequalities ſtrong And fred 


> es 
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quent; but it is ſeldom found to full in 
winter in cold climates, when the air is 
cold, and electrical effects Weaker. This 
ſeems t6 connect its origin with electrical 
cauſes, not with the 8 0 ect 5 
ture of the air. 1101 Os DIR Neils 


Tas aqueous vapor, in being condenſed 
1nto rain, dinunithes | 10 capacity about one- 
third, and in being frozen one-tenth more *. 


If, therefore, the whole be one inſtantaneous 


operation , the vapor muſt” have been 
about 5 84 degrees ae the freezing point! ' 


8 This ebf 8 6 written on ſhipboard, CR 
the author had not "acceſs to any books containing the = 
accurate proportions of heat abſorbed, they are here fet 
down in round numbers; but, it is hoped, with {ufficient | 


correctneſs for the Purpoſe to be anſwered. 


+ It is plain that jf the vapor were not collected into 
a a bell ſtone, by the ſame inſtantaneous operation which 
.firſt gives it the non- elaſtic form, it muſt, at the fame 


temperature, be frozen in any previous appearance in the 


non-elaſtic ſtate, in the looſe ſhape of ſnow, and | never 
could afterwards be Collected 3 into bail. eis. 
Ir 


ts 1. 


Ir from the ſize of the hail-flones: we con- 
clude, that the firſt internal globule only is 
formed in the upper air, and that in its 
deſcent it meets with aqueous vapor, which 
it freezes around it, the calculation will be 
ſtill more enormous. Let us ſuppoſe the ori- 


ginal hail- ſtone to have been only one-fifth 


of the whole, and to have collected around 
Ws and frozen, four times its own portion of 
= vapor; each of theſe portions in being con- 

denſed from the vaporous ſtate, extricated 
and communicated to the maſs one-third of 

its heat, and in being frozen one-tenth 
more. If theſe additional portions were, on 

the average, only at the freezing point, the 
: original drop muſt have received 2336 de- = 
grees of heat, and is ſtill frozen; it muſt 
therefore, at the beginningof its deſcent, have 


been 23 36 degrees below The freezing g point; 1 0 5 


and its component particles of vapor, as I 
0 have before ſhewn, 584 degrees lower, or 


4929 degr ees below the freezing, point *. 
. Theſe calculations ſeem amply ſufficient to/eftabliſh 
the fact here contended for z were it * large ad- 
” ditions 


1 
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. But the PN heat at that texoperatury/ is 
np: 5449 degrees... at id . ela 


Han. cannot therefore 2 its ſolid : 


form to the elevation, and general coldneſs 2 
of the ſurrounding atmoſphere, It muſt 
ariſe from ſome cauſe, producing for the 


moment extraordinary refrigeration in the 
lower air in which the hail-ſtone is collected. 


This refrigeration is not the conſequence 
of the vacuum formed by the e of 
the vapor into the non-elaſtic ſtate: the 


utmoſt exhauſtion of an air- pump does not 


diminiſh the heat of the remaining air 
above 5 or 6 degrees, 


; 1 AM inclined to believe, that the effect 
38 to be accounted | for from electricity | 


alone. 


ditions m de made to them. It, From e 8 
beat of the hail- ſto ge, is to be deducted all that which it 
has received from the atmoſphere in its deſcent, 2d, If 
any part. of its compoſition be ſuppoſed to be an im- 
meliate collection of oxygenous and hydrogenous air, 


we are to deduct from the heat the difference of capa- 
city between MIR vapor and . its nent 
gaſes. 


Uron 


T0 1 
| Urox examining the effects of electricity 
i appears, that heat is generated by it 2 
in one way, by a ſhock or diſcharge *. 
we charge a phial ever ſo highly, no Ae 
is created. So if a conductor be uſed to 
carry off the electricity, it receives no heat. 
Now it is to be remarked, that in thoſe 


cafes there is no electricity added to the = 


body; the conductor, if perfect, tranſmutes 
all that it receives, and the electric, i in being | 
changed, gives off as much from the one 
| fide as it receives on the other; or if any 
portion of electricity be ſuppoſed in thoſe 
caſes to be added to the conductor or phial, 
it is only of one ſpecies, vitreous or reſinous. 
The only way in which we can accumulate 
both electricities, even momentarily, i in any 
body, is by making it the conductor of a 
ſhock. While the charge is going through! 
it in both directions, the body contains 


it in addition to its former electricities. 


This is alſo the only way in which heat 
can be generated by men and as Bi 


* A N is a mall ſhock or aiſcharge the inter- 
poſed column of ar is the electric ane by it. 


mere 
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5 mere 1 of. either ſpecies, of that fluid 
along a, conductor gives no heat, we are 
warranted in concluding that heat is gene- 
nerated by the accumulation of the two 
clectricities. Hence I naturally infer, that 
a diminution of the electricities muſt di- 
miniſh heat, or produce refrigeration. As 
I find in a hail ſtorm extreme and ſudden 
_ refrigeration, without any other. viſible 
cauſe, the electricity of the atmoſphere be- 
ing at the ſame time in great pertubation 
and rapid communication, I am led to be- 
lieve that hail obtains the ſolid form from 
the cold produced by the diminution of 
electricity. 


4 
#: 1 1 
£9 


II our limited ſphere of action, we have 
not even attempted to diminiſh the electri- 
eities combined in any body, nor does it 
appear probable, that we ſhall even ſuc- 

ceed to any extent in ſuch an experiment. 

; But in the great operations of nature, we 

ſee conſtant fluctuations in the diſtribution 

= of theſe fluids; and we can ſcarcely doubt 

that, by various ordinary occurrences, the 
Whole 


11 
whole -quantity in a cloud or R if air, 
err ge 2 Fefe „ 
„Bu it with: toy: — to examine 
more fully the nature of electricity, in 
order to diſcover the connexion which 5 


unites ſo cloſely, ſo eee all its effeCts 
; with thoſe of heat. 8 


Tun prevalent modern theory of electri- 
city ſuppoſes the two appearances of it, 
before diſtinguiſhed as vitreous and reſi- 
nous, to be merely plus and minus quanti- 
ties of the ſame fluid; at the ſame time it 
is admitted that every phenomenon may 
| | be explained, although, it is ſaid, leſs ſimply, 
* upon the eld doctrine ;' while the advo- 
3 _ cates of the latter inſiſt, that there are facts 
which cannot be reconciled to any other 
Principles. It is not my intention here to 
enter into queſtions fo fully and ably diſ- 
cuſſed, any further than to ſay, that I feel 
myſelf convinced by the arguments in fa- 
vour of the old opinion. If upon that 
ſyſtem, I can account for collateral appear- 
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ances of nature otherwiſe inexplicable; j Tt 
will afford conſiderable ſupport and con- 


ſirmation to the doctrine. I conſider elec- 


tricity then as diviſible into two diſtinct 


5 Teen gern e called vitreous and 
has alſo led me to conclude, that the union 


of the two electricities i 18 heat. 
5 te fudpotref this Opiniom 1 obſerve, | 
1, TnhaAr in every accumulation of elec- 


tricities there is increaſe of heat, and I have 


endeavoured to ſhew, that nature preſents 


' appearances of refrigeration to be accounted 


for only from a diminution of them. 


Wu one column of air bas commu- 


nicated electricity to another, or to the 
earth, it muſt, upon this hypotheſis, con- 
before combined with that communicated, 
as heat, but now free and capable of exert- 
ing electrical power. If the cloud cannot 
de immediately ſupplied with an equal 
ne of that electricity which it has 


given 
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given off, the decompoſition of the heat muſt 
diminiſh its quantity and power, or produce 
cold. In a hail-ſtorm we find ſtrong com- 
munication of electricity, and great cold ex- 
iſting together; this ſeems to point out the 
connexion between their cauſes, which # 
here ſuggeſt. When I conſider that rain is 
generated in greateſt quantities very near 
the ſurface of the earth, where it can re- 
ceive little change of temperature in falling: 
that its temperature is generally equal, 
ſometimes lower than that of the atmo- 
ſphere; although its component particles 
of vapor, part of the ſame atmoſphere, 
muſt have been raiſed more than one-third 
in temperature, by being condenſed into the 
non-elaſtic ſtate; and when I at the ſame 
time find that there is in every ſhower 
conſiderable loſs of electrical equilibri um, I 
_ conclude that rain as well as hail is accom- 
panied in its production by electrical decom- 
poſition, and conſequent diminution of the 
heat; and that this refrigeration is counter- 
balanced in rain by the heat extricated in 
* its condenſation. 


D Tux 


Tus air next the ſurface of the earth is 


daily heated, and riſes, yet the upper 
atmoſphere is always cold; what becomes 
of this heat? The air itſelf is incapable of 
communicating heat between its particles; 
the formation of vapor and precipitation of 
rain, inſtead of cooling the air muſt increaſe 
the heat by that extricated in their conden- 


ſation. The heated air muſt therefore re- 


main for ever heated and elevated, and the 


whole higher atmoſphere become by de- 


grees intenſely hot, unleſs the heat could 


eſcape by decompoſition into the electricities. 


Accordingly, after a long ſeries of hot and 


dry weather, the atmoſphere is always found 
ſtrongly charged with free and active elec- 
P 


a2dly. ELECTRICITY is generally, if not 


always affected, the | equilibrium is either 
deſtroyed or reſtored by heat. In exciting 


aa electric by friction, we find that no elec- 


- tricity can be obtained, unleſs there is 


another body to impart it, or to extract 
trom the earth. But heat alone gives 
either 


[V7 

either electric fluid to the body to which it 
is applied. Therefore theſe fluids muſt be 
contained in the ſubſtance conveyed to the 
E in the —— of heat. 


Tun proceſs by which the communica- 
tion of heat electrifies any body, may be ex- 
plained thus : I before endeavoured to ſhew, 
that all bodies divide the electricities be- 
tween their different particles. As heat is 
found only in combination with denſer 
matter, I ſuppoſe that its production is the 
effect of the attraction of matter thus com- 
bining or connecting the electricities in al- 
ternate arrangement. The quantity of 
ſenſible heat obtained from any quantity of 
abſolute heat, or of the electricities thrown 
into the body, is proportioned to the attrac- 
tion and admiſſion which it preſents to 
them, and the compleat and perfect union 
in which it holds them. The degree of 
combination does not, however, depend 
upon the cloſeneſs of the approximation of 
the electricities; for a charged phial, an 
electrified bar, or any other body whoſe 
D 2 electricities 
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cledricities are ſeparated ids by ex- 


ternal means, continues to produce the 
fame ſenſible heat. It is ſufficient if the 
body continues to hold the electricities in 


attraction, ſo that each portion of the one 


| ſhall ſtill correſpond to the ſame quantity 
as before of the oppoſite. When an in- ; 
creaſe of heat excites electricity, I conclude 
that the heat or electricities newly added, 


have arranged themſelves in larger intervals, 


like the charging a Phial, or cledrifying a a 
bar. 


3dly. Tun fame inference may be efta- 


bliſhed, by tracing the identity of the effects 
of friction upon heat and upon electricity. 


WHEN an electric is rubbed with a 


proper rubber, it ſeparates the electricitiee 


preſented, retaining and conveying to other 


bodies that which it is beſt fitted to imbibe. 


In this operation the ſurface of the electric, | 


and the rubber analyzing the electricities, 
und being then ſeparated, that part of the 
electric communicates to the conductor 


the 


[ES] 


the electricity chus acquired, while another 
part of its ſurface is brouglit in contact with 

the rubber to perform the ſame. If the 

tubber has communication with the ground, 


it immediately attracts ſufficient electricity 


to ſupply the continual demand of the 
electric. 


Is a ſmooth glaſs globe be excited by the 
common rubber, it ſhows vitreous electri- 

city; a rough globe reſinous. If half the 
globe be ſmooth and half rough, each will 
| be electrified. If a conductor be applied to 
both parts, and they are equally and oppo- 
ſitely electrical, it cannot receive or convey 
either electricity. Inſtead of two parts, let 


us divide the globe into infinitely / ſmall 85 


and numerous particles, having alternately 
oppoſite tendencies to attract electricity 


from the rubber; each particle will in 


paſſing attract its own; the reſult of the 
mixture is heat. This ſeems to me to be 

| exactly the common procefs of the genera- 
tion of heat by friction. | 


D 3 | | I nave 


11 
1 AVE deſcribed bodies as having cohe- % 


ſion, in conſequence of their particles tend- 
ing to analize or ſeparate the two electrici- 
ties; non electrics are thoſe bodies which 


are little capable of dividing theſe fluids into 
regular diſtinct maſſes, but where each par- 


ticle preſented to external objects is differ- 


ently electrical from the next, ſo as to 


counterbalance each other. In theſe each 


particle, when excited by friction, muſt, like 


the ſmooth and rough particles of glaſs, at- 
tract its own electricity from the rubber; 
accordingly the effect of the friction is heat. 


Io this it may be objected, that if the 
fluid were attracted from the rubber in the 


ſhape of heat, it muſt, during the proceſs, 

diminiſh the temperature of the rubber or 
bodies from which it 1s communicated ; 
and that if it were attracted as electricity of 
both kinds, it would require electric con- 
ductors, 


Tun objection may be anſwered by con- 


8 ſidering the nature of the electrics or non- 


caoduktor. Electrics are thoſe bodies which 
5 00 
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are capable (probably from the . ar- 
rangement of their particles) of ſeparating 
the electricities into regular diſtinct maſſes. 
This is, however, an unnatural and forced 
ſtate of the body, and even in electrics 
per fe, an addition of extraneous electricity is 
equally unnatural; accordingly, all eleQries. © 
reſiſt the being charged, or having their 
electricities ſeparated ; and the force of the 
electric ſhock is the proof and criterion of N 
the ſtrength of their tendency to return to 
the equilibrium. The application of fo- 
reign electricity having the effect of pro- 
ducing this regular ſeparation of the elec- 
tricities in the electric, its approach is re- 
ſiſted by the coheſive force of theſe fluids 
already combined in the body. But if by 
any means we preſent to it equal portions 
5 of the two electricities, theſe counterbalanc- 
ing, and, as it were, neutralizing each other, 
will not create in the body any electrical 
| tendency, and of courſe the reaſon of its 
repelling each fingly does not ariſe, All 
bodies muſt in ſuch a cafe become perfect 
conductors. This happens in the produ- 
tion or attraction of heat. The electricities E 
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preſented being in the ſame ſtate with thoſe 


in the body, balanced and neutralized, paſs 


along without diſturbing the electrical equi- 


librium, and therefore without refiſtance. 


Tux natural tranſmiſſion of heat from 
one body to another is flow ; but if a ſu- 

perior force is mechanically created by fric- | 
tion, we find the heat attracted ſo rapidly 


and powerfully, and with ſo large a field 
of action, that the bodies immediately ad- 
joining are ſupplied as faſt as they com- 


municate it, and experience no nnen 


frigeration. This attraction, or apparent 


creation of heat by friction, has hitherto re- 


ceived no ſatisfactory explanation, and forms 
the principal or only obſtacle to the admiſ- 
ſion of its exiſtence as a ſubſtance. I reſolve 
this effect into the attraction of its compo- 
nent parts, each of which is well known 


i to have this quality. 


athly; IT may even 5 maintained with 


reaſon, that heat is only known to us by 
effects purely electrical, attraction and re- 
pulſion, under which are ranked their vas» 


rious 


rious modes of action, elaſticity, expanſion, 
| combuſtion, and other combinations. The 

difference ſeems therefore to be this: when 
the electricities are ſo ſeparated, and the 
communication 1s by ſuch bad conductors, 
that the attraction of each, for the material 
object to which it is attached, overcomes 


their tendency to re- unite, they are eaſily 


ſeparable, and become free and transferrable 
ſingly. When they are fo cloſely united, that 
the one cannot be wholly ſeparated from 
the other by the common force of the at- 
traction of matter, they paſs from body to 
body in equal proportions, and although, 
in truth, each continues to exert electrical 
force, yet the minuteneſs of their ſepara- 
tion leaving no outward trace of their diſ- 
tinct natures, and no tendency to motion 
being exerted by their attraction, they ap- 
pear to neutralize each other as electricities, ä 
and obtain the name of heat. 


Fthly. WE obſcrve ſo ſtrong a ooinci- 
dence in all the habits of heat and of elec- 
tricity, that Philoſophers have never doubt- 
ed of their affinity. The generation of light, 

= 1 their 
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theis common offspring, feems alone ſafli- 
cient to eſtabliſh the connexion between 


them. I ſhall, in the ſucceeding pages, en- 
deavour to ſhew, that that phænomenon 


perfectly accords with the explanation here 


ſaggeſted of their common nature. 


6thly. UNLEss we adopt this theory, we 


ſhall find feveral appearances of theſe fluids 
which contradict the general maxims of our 
experience, and every idea which we can 

 formof matter. We ſee heat and the twoelec- 


tricities, by turns ſtart ſuddenly into being, 


or vaniſh without leaving a trace perceptible 
to our ſenſe, or exerting any energy in 
proof of their exiſtence. By admitting their 
identity, we bring them under the general 
laws of matter. Its properties may change 
the direction of their action, but the ſub- 
ſtance is always palpable. Two equal and 


oppoſite motions deſtroy each other; hence 
we conclude, that motion is not a ſubſtance, 


but a quality of other ſubſtances, which | 
may ceaſe to exift without injury to the 


eſſences of the body. The electricities, 
when ſeparated, are mutually attractive, and 
there- 
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there fore a motion, or tendency to motion, 
is produced; when they are as near as they 
tend to continue in the body to which they 
are attached, the attraction no longer pro- 
duces motion; but the ſubſtances continue 
to exiſt under the name of heat. b 


IF theſe reaſons warrant the inference | 
that heat is the combined effect of the tx 
electricities, we ſhall find in it an explana- 
tion of many of thoſe phznomena which 
J have before noticed. 


1 1 Legal the change of any body from the 
ſolid to the fluid, and afterwards to the 
gazeous ſtate, the capacity is increaſed, the 
temperature falls, or heat appears to be ab- 
ſorbed ; at the ſame time the arrangement 
of the electricities is evidently changed, 
each particle ſeeming tocenter the whole of 
its attraction 1 itſelf. This in non- 
elaſtic ftuids merely deſtroys the tendency 
of the particles to cloſe and firm contact, 
and leaves them mutually in an electrical 
equilibrium o or indifference, except ſo far as 
they are acted upon by the attraction of co- 
1 heſion 


is) 


keen, of which 1 fhall Shaffinty ew the 
nature. The ſolid body when heated, not 


having ſufficient power to retain the in- 


creaſed electricities in ſuch cloſe combina- ; 
tion throughout, that attraction which? con- 
nected the etectrioittes of the ſeveral parti- 


cles in ſolidity ceaſes to be produced. The 


whole attraction or combination of the elec- 


tricities being thus reduced, their effect i in 


the production of heat muſt undergo a ſimi- 


lar diminution. This ſeems to be the rea- 
ſon of that increaſe of capaeity and appa- 


: rant abſorption of heat, which we perceive 
upon the change from the ſolid ſtate. When 
the body 1s volatilized, the internal attrac- 
tion which held each particle together, is 
alſo deſtroyed, and the ſubdiviſions exhibit 
mutual repulſion. The combination of the 


electricities thus receives a much greater 


| diminution, and their effect as "TY is 


proportionably more reduced than i in the 
former change. 


Tuvus we can obtain ſome inſight into 
the nature of that combination of the elec- 
tricities, which moſt powerfully produces 

i heat. 
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heat. I have before ſhewn that it does not 


85 | depend upon the cloſeneſs of their approx- 


imation, nor upon their being in larger or 
ſmaller maſſes. It depends pen "the ar- 
rangement of oppoſite and attractive por- 
tions of electricity alternately in every di- 
rection, without any repulſive or non- at- 
| tractive ſurfaces ever adjoining. 


Hauen it is that the general increaſe of 

bulk of bodies by heat, and increaſe of ſize 
of water by cold at a certain temperature, 
unaccompanied by a change of form, or of 
the arrangement of the electricities, has no 


effect on the capacity of the body. 


ro the fame principles we may, per- 
haps, account for ſome of the moſt conſpi- 

cuous differences in the modes and effects 
of combination of bodies. In ſome com- 
pounds the capacity is increaſed, in others 
diminiſhed; ſome are fuſed or volatilized 
at a lower temperature than their compo- 
nents, others at a higher. Some combina- 
tions are nearly permanent, others yield to 
the firſt change of temperature; or to the 
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Ge of * bodies. Theſe varieties 
ariſe from the different modes of attraction 


binding the bodies in union. The heteroge- 


neous particles may tend to divide the elec- 
tricities between them either partially or 
entirely; or they may be attractive by the 
one body's ſeparating the electricities into 
wider and larger diviſions than the other. 
Theſe een may be infinitely varied, 
and the effects on the combinations muſt 
be regulated by them. Thus two bodies in 
combination, may tend to correct the effect 
of the heat in electrifying each, and ſo their 
continuance in combination may be very 
great. The two bodies have originallß 
only a certain power of attracting or hold- 
ing in combination the e If by 

their union the electricities are brought into 
more or leſs cloſe combination, the tempe- 

rature and capacity muſt be altered; and 

as the whole quantity and cloſeneſs of 
combination of the electricities, no longer 

bear the ſame proportion to the power of 


the bodies to contain them, the period of gy 


fuſion muſt be nnn accelerated 
or retarded. 


SEC- 


2 Ad . | 
* * wa 1 


1 '9 
SECTION IV. 
Tux appearance of light is fo intimately - 


connected with thoſe of heat and electricity, 
that no ſpeculation upon their nature can be 


entitled to attention, unleſs it include a rea- 


ſonable account of this phænomenon. I 
have found its appearances ſo perfectly to 
coincide with the opinions which I have 
above ſuggeſted, as to furniſh a e Wong f 
confirmation of their truth. 


Ir is 4 ah all bodies FE conſtantly 

emitting rays, which, when ſupplied in acer- 
tain copiouſneſs, affect the eye with the ſen- 

ſation of light. The elaſticity of the fluid, or 
mutual repulſion of particles of ſimilar elec- 
tricity, ſeem conſtantly exerted to effe irs 
_ eſcape from the poiſon which the groſſer 
matter throws around it. Theſe rays 1 

take to be in all caſes particles of ſingle elec- 5 
1 tricity, not of heat. 


"= 33 of light are found to travel at a 
oertain equal velocity, and calculations of 
| their 
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Ga; quantity 400 velocity here ſuppoſed = 
each particle of light in a ſun-beam, mi- 
nute beyond our conception, to be diſtant 
about a thouſand miles from its ſucceſſor in 
the ſame direction. This accounts for their 
ſhewing little electrical attractive force, 
| their velocity being too great, and their 
bulk too minute to allow its action upon 
heavier bodies. | 3 


Ira ſubſtance emits vidhle rays of 1 
of the electricities, as muſt happen where 
it is rendered luminous from equal increaſes 
of each, that is from heat, their re- union in 
any body which ſtops them will re- produce 
heat. This re- union may, however, be pre- 
vented by making the rays paſs through a 
medium which will tranſmit the one ſpecies 
of electrical particles, and abſorb or reflect 
the other. Thus the rays of a common fire, 
- collected in the focus of a concave mirror, 1 
give great heat and light. If a piece of glaſs 
be interpoſed, the focus exhibits great light, 
but no heat. 


t ſolar rays ſeem to be emanations of 


? fimilar electricity, for when ſeparated 15 
i - | | Produce) 


"T1 


produce effefts fimilar to each other and to 
the whole, varying only in ſtrength. If they 
conſiſted of oppoſite electricities, any bodỹx 
which ſtopped their courſe, however ſitu- 
ated or of whatever texture, muſt receive 
equal heat from them; but in fact the air 
receives hardly any heat from the ſun's rays, 
and mountains, and even elevated continents, 
much leſs than lower grounds. I ſuppoſe 


the difference to ariſe from the degrees of fa- | 


| - lis with which different bodies can ſup- 
ply the oppoſite electricity, to be combined 
with the ſolar rays in the formation of heat. 
As the electricity of the earth has attrac- 
tion for the whole maſs of matter of which 
the globe conſiſts, the general direction of 
this force muſt be towards the center; it 
muſt, therefore, exiſt in greater quantities at 
the level of the ſea, than in places removed 


* the general ſurface, Bodies thus ſituated 3 


can, therefore, afford a ſmaller ſupply of this 
Peg to be combined with the ſolar rays 


| 4 3 into heat. Elevated regions, however level 
5 or extenſive, are therefore much colder than £ 
1 {ther sin the ſame latitude, lying lower. 
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„ 
ALTHOUGH the minuteneſs of articles of 
light prevents them from occaſioning per- 
ceptible electrical ſenſations in the bodies 
upon which they fall, yet their electrical 
power is not inactive; it is unable to move 
tbe groſſer body, but its effect on the lighter 
ſub$ance of the ray is very ſenſible. In 
paſſing from a thin to a denſe medium, the 
rays. are attracted by the latter moſt ſtrongly, 
and are therefore refracted. Their various 
refrangibilities ſhew that this effect ariſes 
from their particular attractive tendencies, 
or electrical forces, not from any general ; 
gravitation of matter. 
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Ir a pine obſtacle is placed 1 | 
to the path of a ray, the latter, inſtead of 
being attracted to the material object, iS 
fepelled on each ſide, and deflected from its 
courſe. This is is an effect merely electri- 
cal; ; it is produced thus. All bodies are 
| more or leſs electrics. The ray acts like 
_ any other portion of foreign electricity, tend- 
ing to charge the "Pg by diſturbing the 
| equilibrium or natural arrangement of the 
- clectri- Fa 
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ET. 
electricity within it. Its approach is theres . 
fore reſiſted, and the ray repelled and de- 
flected. The reſiſtance of all ſurfaces to 
admiſſion of light, is probably the cauſe of 
opacity, or of the abforption or reflection 
of light, from the multiphcity of ſurfaces of 
the particle of opaque bodies. 

Ix a plate of one tranſparent medium be 
interpoſed between two others of a different 
denſity, regularly diverging; + as if two plates 
of claſs, the one a portion of a ſphere, the 
other a plain, joined in one point, have the 
reſt of their ſurfaces ſeparated by air, and 
a ray be made to fall upon the plates, it 
will be alternately tranſmitted and reflected 
from the lower ſurface of the interpoſed 
medium in a regular ſucceſſion of colors, | 
: according to the thickneſs of the interpoſed 2 
plate of air. If the experiment is tried with 
a ray of one color, it is alternately tranſ- 
mitted and reflected at regular increaſes of 
thickneſs of the interpoſed medium. This 
is according to the common laws of electri - 
city, If a bar is electriſied, or charged by 
E 2 the 


1 


the application of foreign electricity, its 
electricities are ſeparated into maſſes alter- 
nately vitreous and refinous, the ſpace oc- 
cupied by each, or the ſize of the diviſi 10ns, 
depending upon | the force of the electricity 
applied. A magnetic bar exhibits the ſame 
| phenomenon. The plate of air, penetrated 
by the ray of light, repreſents ſuch a bar, 
which is charged, or ſuffers a ſeparation of 
its les by the application of the fo- 
reign electricity, the ray. If the length of 
the bar, or thickneſs of the 1 plate 
of air, be ſuch that only one diviſion of the 
electricity with that ſtrength of charge can 
be contained in it, that will: e e be 
of the ſame kind, vitreous or reſinous, with 
the ray or electricity applied. A repulſion 
1 muſt, therefore, take place between the ray 
and the medium, and it will more readily 
paſs on to another tranſparent medium than 
revert through this. If the medium be of 
ſuch thickneſs as to admit of two diviſions 
of the electricity, the one ſimilar to the ray, 
the other oppoſite, the latter muſt be at- 
tractive to it; - and therefore when the ob- 
ſtacle ö 
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ſtacle of another ſurface, the lower plate of | 
glaſs, is oppoſed, and the ray is alſo attracted 


by the medium in which it 1s moving, it 
is ſtopped i in its courſe and reflected. The 


third ſpace is as the firſt; the fourth as the 


ſecond ; and thus the alternate fits of eaſy 


JOIN and reflexion ariſe. The rays 
of different colors having different electrical 
powers, produce various intervals or divi- 

| ſions of the electricities, and therefore are 
reflected at different thickneſſes of the me- - 
dium ; hence the ſucceſſion of colored rings 
from a white ray. The alternate attraction 


and repulſion between the body and the ray, 


and the conſequent contraction and dilation 

of the former, may create the effect of vibra- 
tion, to which Sir Iſaac Newton attributed 5 
| this, and almoſt every other phænomenon of 
the ſolar rays. This vibration may aid the 
: Ps - 5 e 


I theſe caſes T ſuppoſe the effect to be 


produced by the bodies being electrified, or 


having its electricity arranged in an unuſual 


- manner, by the application of extraneous 
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| dedrieity. But I have vaſary 3 that 
all bodies at reſt contain the electricities ſe- 
parate and diſtinct from each other, although 
leſs widely removed than when electrifiedſ; 
and every appearance of electricity marks 
it as an eſſential principle of its nature, to 
arrange itſelf in each bedy 1 in diviſions per- 
fectly regular. Bodies even at reſt may, 
„. be conſidered as repreſenting an 
electrified bar, conſiſting throughout of 
regular diviſions, alternately vitreous and 
reſinous. This arrangement will extend as 
far, as there is a continuation of matter ſuf- 
ficiently ſimilar in denſity to carry on the 
alternate fluctuation of electricity unbroken, 
Where two ſuch bodies are fo nearly in 
contact, as to communicate and link toge- 
the electrical chain, a certain attraction 
muſt take place between them, This is 
the attraction of coheſion. „ 


ALL bodies being thus arranged! in regu» 
lar diviſions. of e aa the next inquiry 
is What thoſe diviſions are. The nature of 7 
dlectricity will Run them. 5 
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Ir light be electricity, this is a generic 
name for many fluids, varying in refrangi- 


bility or attractive force. The ſolar electri- 


city is ſeven- fold; the oppoſite is alſo vari- 
colored, and 1 ſhall preſently endeavour to 


ſhew, that it muſt in every thing correſpond 
to the ſolar. There is nothing to lead us to 
believe, that the various colors or ſpecies of 
ſimilar electricity have any union or attrac- 


tion among themſelves, or are otherwiſe 


connected, than as their ſimilar tendencies 
produce fimilar, and therefore apparently 
joint effects, from the confuſion and imper- 
fection of our obſervation. Whenever their 

natures differ, we ſind each produce its ef- 


fects ſeparately and independently. The 


ſame variety of electrical force which cauſes 


the difference of refrangibility, and which 
produces the colored rings from a white ray, 
piercing a plate of air between two ſurfaces 
of glaſs, muſt cauſe the ſame difference in 


the intervals at which the various electrici- 


ties are arranged i in bodies at reſt, the moſt 
refrangible, or thoſe of greateſt electrical 


force, having the greateſt intervals or divi- 


E 4+ 4 tons. | 


. 
ſions. In elaſtic bodies, as the atmoſphere, 
where the groſſer matter is thinly ſcattered 

through the maſs of n this . 
muſt be moſt * 5 N 


Tun truth of this 3 ſeems to be 
eſtabliſhed by attending to a very ſingular 
coincidence in nature, hitherto not ſatisfac- 
torily accounted for; the exact proportion 
between the refrangibility of the colors, 
and the notes of a muſical octave; the moſt 5 
refrangible correſponding to the deeper 
notes or larger vibratiens of the muſic. It 
is impoſſible to believe that this coincidence 
is accidental, and the rules of philoſophy 
compel us to conclude, that the ſame power 
produces both the effects. I ſuppoſe it to 
reſult from the arrangement of the electri- 
Cities in the air, according to their colors or 
3 


A soup is the vibration of the air, car- 
; ried along by the elaſticity of the electric 
| fluid in regular undulations, which may be 
conſidered as artificial diviſions of the at- 
1 moſphere. 
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moſphere. Its natural and permanent diviſi- 
ons are thoſe produced by the arrangement 
of the differently colored electricities. When 
the vibration or artificial diviſion coincides 
in ſpace with any one natural diviſion, or 
any regular number of intervals of one 
electricity, the ſound or vibration will be 
_ regular, even, and melodious. This is a 
muſical note. If the vibration be increaſed | 
in length, ſo as to include the ſame num- 
ber of evi formed by the next color 
3 frangibility, the next muſical note is 
ſounded, When the vibration is iner eaſed 
ſo as to include double the number of inter- 
vals of the ſame electricity as the firſt, the 
octave of the firſt note is produced; being 
performed by the ſame electricity, the 
- ſounds are perfectly homologous *. _ 
po "> "ERS. 
: * Probably the intervals or diviſions of the electri- 
eities in the air are very ſmall, and there may be many ſuch 
in every artificial diviſion by a muſical vibration. The | 
different numbers of thoſe intervals in each vibration, pro- 
bably mark the diſtinction of the different keys in muſic. 
The key A. may contain 9..18. 36. &c. the key B. 8. 16. 
32. &c, of the natural diviſions in each vibration. Thus 


l 

LIE every other material object, the 
eye and optic nerve muſt be filled with elec- 
tricity, ſeparated into diviſions alternately 
vureous and reſinous, of each color, and 
mult be ſuſceptible of having their electri- 
city excited, or arranged in a new and un- 
uſual manner, by the application of foreign 
electricity. Hence we n conclude, that 
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the ſame note may coincide with different keys. For if 
2 vibration include 8 diviſions of one electricity, it will | 
alſo. coincide with ꝙ intervals of another, whoſe refrangibi- 
| Hy is to that of the firſt, in the proportion of 8 to q, and 
ſo be in harmony with a key including 8, or with one in- 
cluding ꝙ natural diviſions in each vibration. From the 
number of different colors by which any ſound may be 
carried along, probably ariſe the diſtinctions of flat and 
| ſharp notes, and all the varieties in harmony. 


The refrangibilities of the different colored electricities 
are in certain proportions. which will correſpond at the fol- 
lowing intervals. The violet, the moſt refrangible, will 
include in 9 of its diviſions, 8 of indigo; in 5, 6 of blue; 
in 3,4 of green; in 233 of yellow; in 35 5 of orange; in 
9, 16 of red; in, every diviſion, two of its own octave. 
Men acquainted with muſic may, perhaps, carry very far 

the inveſtigation of the conſequences of theſe coincident 
_ Proportions upon harmony. 
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_ the FY colored rays muſt operate up- 


on the optic nerve according to their refran- 


gibilities or electrical forces, ſeparating its 
electricity into diviſions of various dimen- 


ſions. This different arrangement, and con- 
ſequent various tenſion of the nerve, is pro- 


bably the origin of the ſenſation of color, 
and therefore of all viſion. Accordingly, 


we find that any other electrical affection 


of the optic nerve, as the application of 
common electricity, or of what is called 
animal electricity, produces the ſame ſen- 


ſation with light. The ſame effect is imi- 


tated by a blow or preſſure upon the eye, 


expanding or contracting the nerve. 


Tuts explanation of the nature of viſion, _ 
and the ſenſation of color, will account for 


the exact, and evidently more than accidental 7 


coincidence in the different colors of the op- 
poſite electricities, For as electricity of any- 


color is in its diſtribution alternately vitre- 
ous and reſinous, the one of theſe muſt oc- 


cur in the ſame ſpace as often as the other, 
and produce equal diſtribution of the elec- 


tricity 
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tiicity of the eye or other 10 upon which 
they act; this muſt produce equal arrange- 
ment and tenſion of the optic nerve, in 
which I ſuppoſe all ſenſation of color to 
conſiſt. It is therefore ſcarcely material 
. to inquire, whether the oppoſite electricities 
are naturally divided into ſimilar colors or 
ſpecies mutually correſponding in force, or 
whether the one only is fo divided, and the 
other is compelled by attraction, to aſſume 
the ſame arrangement to correſpond to and 
balance each diviſion of the firſt. The ef- 
fect muſt be the lame DO cither hypo- 
thefis. 


7 1 thus endeavoured to trace the 

85 general outline of connexion between heat, | . 
light, and electricity; and hope to have 

ä hewn that the two former are only diffe- | 
rent actions of the latter power. It were 
Weft de the purpoſe of this eſſay, already ſuf- 
ficiently multifarious, to examine the ab- 

ſtract cauſes of that attractive force of elee- 

tricity by which theſe various phænomena 


are produced, and to explore the whole pro- 
_ pexties : 
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: perties and effects of this would fluid. 

To follow it in all its ſhapes, and ſcrutinize 
all its operations; to trace it as the general 
parent of attraction, producing that gravi- 


tation which arranges the univerſe into or 


der, and giving, by its balanced force, that 
vis inertiæ which ſeems almoſt the eſſence 
of matter; to paint it as the moſt powerful, 
| moſt univerſal agent of the Almighty Crea- 
: tor, 1s for me too arduous a talk. We 
know not how far the induſtry of future 
ages may raiſe the ſtructure of human 
„ My ambition is ſatisfied, in 
hoping that I have added one ſtone to the 
fabric, or arranged and cemented ſome 
looſe and confuſed materials of the pile. 


FINIS 
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